Estrogens, whether natural or synthetic, clearl inluence reproductive development, senescence, and carcinogenesis. Pyrethroid insecticides are now the most widely used agents for indoor pest control, providing potential for human exposure. Using the MCF-7 human breast carcinoma cel line, we stdied the estrogenic potential of several sthetic pyrethroid mpounds in vitro usig pS2 mRNA levels as the end point. We tested sumitin, tfenvalerate trans alletbrin, and permethrin. Nanomolar concentrations of either sumithin or fenvalerate were sufficient to increase pS2 expression slighdy above basal levels. At micromolar concentmtions, these two pyrethroid compounds induced pS2 expression to levels comparable to those elicited by 10 nM 17f.estradiol (fivefold). The estrogenic activity of sumithrin was abolished with co-treatment with an antiestrogen (ICI 164,384), whereas estrogenic activity of fenvalerate was not si y diminished with antiestrogen co-treatment. In addition, both sumithini and fenvalerate were:able to induce ei proliferation of MCF-7 cells in a se-response fashion. Neither perm in nor d-trans allethrin affected pS2 expression. Perme had a noticeable effect on cel proliferation at 100 pM, whereas d-trans allethin slightdy induced MCF-7 cell prolieration at 10 pM, but was toxic at higher concentrtions. Overall, our studies imply that each pyrethroid compound is unique in its ability to influence several cellular pathways. These finding sugget that pyrethroids should be considered to be hormio disrunptors, and ther potentidal to affect edocrine fimction n' human and widlif should be inivestigated. Key word 173-estradiol, MCF-7 human breast carcinoma cells, pS2, pyrethroid, RNA.
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Reproductive dysfunction involving exposure to hormonally active compounds has been documented extensively in wildlife (1) and has been implicated in human breast cancer (2) (3) (4) and decreases in male-to-female birth ratio (5) . As endocrine disruptors, many kinds of chemicals have been targeted for study in hormonally responsive bioassays.
Synthetic pyrethroids are analogs of a natural chemical moiety, pyrethrin, isolated from the chrysanthemum (6) . The natural pyrethrin structure has been modified to be highly lipophilic and photostable, creating an effective pesticide and resulting in an increased presence in the environment (6) . Human exposure to pyrethroid compounds is extensive. Worldwide, they are used as insecticides against ticks (7) , mites (8) , mosquitoes (found in bednetting as a control against malaria) (9, 10) , and as treatment for human head lice (11) and scabies (12) .
Several studies on the effects of pyrethroids on thyroid hormone regulation and androgen function have been reported. Using rat models, Kaul et al. (13) showed fenvalerate to increase triiodothyronine (T3) and thyroxine (T4) levels in circulation inducing thyroid dysfunction (13) . Aktar et al. (14) found that X-cyhalothrin and bifenthrin reduced serum levels of T3 and T4 in the rat, whereas only X-cyhalothrin could decrease the T4/T3 ratio (14) . Among humans, a pyrethroid compound was suggested to be the causal agent for gynecomastia in a group of Haitian men (15) . Furthermore, several pyrethroid compounds appear to competitively inhibit testosterone binding to the androgen receptor and sex hormone binding globulin at high concentrations (16) . Although limited, these reports suggest that some pyrethroid compounds are capable ofdisrupting endocrine function.
In a previous study using the Ishikawa Variant-I human endometrial carcinoma cell line, Garey and Wolff (17) showed that certain pyrethroid compounds have estrogenic potential. Since pyrethroid compounds have been shown to affect endocrine homeostasis, the purpose of our study was to confirm and further characterize the estrogenic potential of four synthetic pyrethroid compounds. Sumithrin, fenvalerate, d-trans allethrin, and permethrin, illustrated in Figure 1 , were assayed for their ability to induce pS2 gene expression in MCF-7 cells. The MCF-7 human breast carcinoma cell line is a well-established in vitro system characterized by its estrogen responsiveness through expression of the estrogen receptor (ER) (18) . The MCF-7 cells used in our studies express ER as determined by RNA polymerase chain reaction (data not shown). In these cells, expression of the pS2 gene product is directly induced by estrogen at the transcriptional level (19) and has been used as an end point for xenoestrogens (20) . Furthermore from inducing pS2 expression. In contrast, the effect of fenvalerate on pS2 expression in MCF-7 cells was not affected by the addition ofICI 164,384. Dose-response curves were performed with each compound to determine the minimum concentration necessary to induce pS2 expression. As shown in Figure  4 , concentrations of sumithrin between 1 and 750 nM were able to increase pS2 expression twofold. At concentrations between 10 and 50 pM, sumithrin was able to significantly induce pS2 expression to the level induced by 10 nM E2 (10-fold). Above 1 pM, fenvalerate induced pS2 expression to levels equivalent to those induced by E2 (Fig. 4) .
Since our initial studies showed that 30 pM d-trans allethrin did not stimulate pS2 expression, we examined whether this pyrethroid compound could inhibit pS2 gene expression (Fig. 5) . When 5 pM dtrans allethrin was combined with E2 (0.1 nM), it inhibited E2 induction of pS2 by 50%. In the pS2 assays, 0.1 nM E2 was sufficient to stimulate pS2 expression to maximal levels (see Fig. 4 ). To further investigate d-trans allethrin inhibition of E2 induction of pS2, we performed a d-trans allethrin dose curve in the absence or presence of 0.1 nM E2. At concentrations between 50 nM and 10 pM, d-trans allethrin alone induced pS2 expression above basal levels (Fig. 4C) . At concentrations above 50 pM, this compound was toxic to the MCF-7 cells. Moreover, when increasing amounts of d-trans allethrin were combined with 0.1 nM E2, d-trans allethrin was able to significantly inhibit E2 induction of pS2 down to basal levels. Permethrin (5 pM) did not induce pS2 or repress E2 (0.1 nM) induction of pS2 in initial experiments (Fig. 5) . At higher concentrations, permethrin weakly induced pS2 expression in a pattern similar to dtrans allethrin (Fig. 4) . In combination with 0.1 nM E2, permethrin had little effect on pS2 expression levels stimulated by E2.
Another hallmark of estrogenic activity is the ability to induce MCF-7 cell proliferation. MCF-7 cells were treated with the pyrethroid compounds, and cell proliferation was determined on day 6 during the logarithmic growth phase (Fig. 6) . The LPA solvent, corn oil, and ethanol were tested for their ability to affect MCF-7 cell proliferation. All three solvents were unable to stimulate cell proliferation (data not shown). Because ethanol was the primary solvent used for all the pyrethroid compounds, we used ethanol as the negative control in our assays. Both sumithrin and fenvalerate exhibited a strong dose-response trend toward inducing significant levels of cell proliferation with increasing concentrations. At a concentration of 10 pM, sumithrin, fenvalerate, and d-trans allethrin induced cell proliferation comparable to the 10 pM E2; these increases were statistically significant for all but sumithrin. At concentrations below 10 pM, permethrin was unable to induce MCF-7 cell growth. While fenvalerate and permethrin significantly induced proliferation at 100 pM, sumithrin and d-trans allethrin were toxic at this concentration.
Discussion
Our studies suggest that certain compounds of the pyrethroid family possess estrogenic properties and may function as xenoestrogens. Although estrogen is able to directly stimulate pS2 gene expression and MCF-7 cell proliferation, Kida et al. (21, 22) have shown that the induction of pS2 expression is not necessarily correlated with cell proliferation. Using two different assays to test the estrogenic potential of each pyrethroid compound, we found that sumithrin was able to induce both pS2 gene expression and MCF-7 cell proliferation at nanomolar concentrations, maximally at 10 pM. In contrast, 500 nM fenvalerate was sufficient to stimulate pS2 expression to levels similar to the 10 nM E2 control, but 10 pM fenvalerate was required to significantly induce cell proliferation. Furthermore, we found that dtrans allethrin above 1 pM was a moderate inhibitor of pS2 expression induced by E2, but could significantly induce cell proliferation at 10 pM. Permethrin only slightly affected either end point by exhibiting modest increases in pS2 expression and cell proliferation at 100 pM. The concentrations we used are similar to the amounts necessary to observe the estrogenic properties of various chemicals including o,p'-DDT, pesticides, and some polychlorinated biphenyls (PCBs) in various estrogen responsive bioassays. Whereas the trends produced by each pyrethroid compound are constant, a degree of variability exists as a result of the differences in the MCF-7 cellular response from one experiment to another. Moreover, at the higher concentrations used, there was a degree of toxicity to the cells from the pyrethroid compounds that affected the outcome of the assays. This variability can be seen in both the pS2 expression and cell proliferation assays. Because of this variability, both negative and positive controls were performed for every independent assay. Within each assay, the induction of pS2 expression or cell proliferation by each pyrethroid compound remained consistent.
Our studies also revealed that induction of pS2 expression by sumithrin and possibly fenvalerate in MCF-7 cells can be blocked the two types of chemical compounds has shown that some pyrethroids and DDT share similar structural properties and may act on similar or the same neuroreceptors (6) . Additionally, a study on SARs of the PCB family of chemical compounds showed that the ability of PCBs to activate PKC is dependent on the spatial orientation of the biphenyl moieties and on the degree and pattern of chlorination (26) . Perez et al. (27) recently proposed that both the length and the nature of the substituent groups at the bridging carbon of bisphenol A-related diphenylalkanes affected the degree of estrogenicity of these chemical compounds. Therefore, we propose that certain pyrethroid compounds that are partially composed of biphenyl ether moieties may signal through PKC to affect pS2 mRNA expression and cell proliferation. Equally important, some pyrethroid compounds may possess critical structural properties similar to estrogen metabolites. Estrogen and its metabolites are thought to affect DNA binding, induce DNA damage and DNA repair, and alter the amounts of enzymes necessary to clear the metabolites (28) . Pyrethroids have structural components similar to estrogen metabolites and polyphenols that may explain their estrogenic response. Whether this is the case remains to be determined. Consistent with previous reports showing that certain pyrethroid compounds are able to affect the endocrine system, we confirmed that some pyrethroids (sumithrin, fenvalerate, and d-trans allethrin) are able to disrupt estrogen function, whereas another pyrethroid, permethrin, does not effect estrogen regulation. Further in vitro and in vivo research is required to elucidate the mechanisms by which these novel xenoestrogens function. Nevertheless, pyrethroids are widely used, are prevalent in the environment, and can alter estrogen homeostasis. Therefore, their effects on the endocrine system in both humans and wildlife is of concern.
